nontumor oral tissues (23%), and malignant tissues showed stronger immunoreactivity for SPHK1 than normal matching samples. These results were confirmed by real-time PCR quantification of SPHK1 mRNA. Interestingly, the positive expression of SPHK1 was associated with shorter patient survival time (Kaplan-Meier survival curves) and with the loss of p21 expression. Taken together, these results demonstrate that SPHK1 is upregulated in HNSCC and provide clues of the role SPHK1 might play in tumor progression. Copyright © 2010 S. Karger AG, Basel Key Words Sphingosine kinase ؒ Oral cancer ؒ Sphingolipids ؒ Tissue microarray Abstract Sphingosine kinase-1 (SPHK1) modulates the proliferation, apoptosis and differentiation of keratinocytes through the regulation of ceramide and sphingosine-1-phosphate levels. However, studies on the expression of SPHK1 in human head and neck squamous cell carcinoma (HNSCC) specimens are lacking. Therefore, the aim of the present work was to evaluate SPHK1 expression in human primary HNSCCs and to correlate the results with clinical and anatomopathological parameters. We investigated the expression of this protein by immunohistochemistry performed in tissue microarrays of HNSCC and in an independent cohort of 37 paraffin-embedded specimens. SPHK1 expression was further validated by real-time PCR performed on laser capture-microdissected tissue samples. The positive rate of SPHK1 protein in the cancerous tissues was significantly higher (74%) than that in the 
Introduction
Head and neck squamous cell carcinomas (HNSCCs) are among the most aggressive types of cancers. Despite emerging new surgical techniques and chemoradiation protocols, HNSCC remains among the five leading causes of solid tumor-related deaths in the United States and the fourth most prevalent cancer among men worldwide [Jemal et al., 2004 and . The prognosis of HNSCC patients is relatively poor, largely due to the advanced nature of the disease at the time of diagnosis. Although several tissue biomarkers, such as cyclin D1, p53, p16, cyclo-oxygenase-2, vascular endothelial growth factor, epidermal growth factor receptor and matrix metalloproteinases, have been associated with HNSCC, there is still a need for new diagnostic and/or prognostic markers.
Sphingolipids regulate various aspects of cell survival, cell growth, cell proliferation and programmed cell death [Hait et al., 2006; Hannun et al., 2008] . In particular, the bioactive sphingolipids ceramide, sphingosine and sphingosine-1-phosphate (S1P) exert different effects on cells. Although ceramide and sphingosine have been shown to promote apoptosis and induce growth arrest, S1P on the other hand has been demonstrated to prevent apoptosis and stimulate cellular proliferation [Futerman et al., 2004; Alvarez et al., 2007] . The balance of these important lipid signal molecules is critically regulated by sphingosine kinase (SPHK) of which two isoforms have been cloned and characterized to date [Kohama et al., 1998; Liu et al., 2000; Pitson et al., 2000] . Whereas SPHK1 has been associated with promoting cell growth, protecting cells against apoptosis, inducing cell transformation and facilitating angiogenesis [Olivera et al., 1999; Xia et al., 2000; Hla et al., 2003; Kohno et al., 2006; Vadas et al., 2008] , SPHK2 has been implicated in arresting cell growth and promoting apoptosis [Igarashi et al., 2003; Liu et al., 2003; Spiegel and Milstien, 2007] . The functional role of SPHK2 in cancer is much less characterized than that of SPHK1.
SPHK1, on the other hand, has been extensively studied; for instance, mRNA levels of SPHK1 have been shown to be upregulated in a variety of solid tumors, including breast, colon, lung, ovary, prostate, stomach and uterus [Murate et al., 2001; Vadas et al., 2008] . Similarly, the SPHK1 protein was found to be upregulated in lung cancer as detected in samples of normal tissue compared with non-small cell cancer tissue in patients [Johnson et al., 2005] . Other reports correlated SPHK1 expression with poor prognosis in glioblastoma [Van Brocklyn et al., 2005] as well as breast cancer [Ruckhaberle et al., 2007] and with tumor stage in colon cancer [Kawamori et al., 2006] . Overwhelming evidence suggests that in every type of cancer examined so far, there is increased expression of SPHK1, which can contribute to drug resistance in some cases [Shida et al., 2008; Vadas et al., 2008] .
Interestingly, SPHK1 has been shown to modulate proliferation and differentiation [Herzinger et al., 2007; Hong et al., 2008; Schuppel et al., 2008] and to exert antiapoptotic effects [Hammer et al., 2004] in keratinocytes through the action of its lipid product S1P. However, there is little evidence of the role that SPHK1 plays in HNSCC. In this regard, it has been previously reported that phenoxodiol, a potent inhibitor of activated SPHK1 [Gamble et al, 2006; Vadas et al., 2008] , induces cell cycle arrest in HNSCC cell lines by upregulation of p21 [Aguero et al., 2005] , although a direct effect of phenoxodiol on SPHK1 was not demonstrated. Therefore, the aim of our study was to investigate the expression of SPHK1 and its correlation with clinical and anatomopathological parameters in a panel of human HNSCCs representing different histological grades using immunohistochemistry (IHC) and quantitative real-time PCR (qRT-PCR) of laser capture-microdissected tumor tissue samples.
Materials and Methods

Tissue Specimens
Tissue microarrays (TMAs) were constructed by the Head and Neck Cancer Tissue Array Initiative, Oral and Pharyngeal Cancer Branch, National Institute of Dental and Craniofacial Research, National Institutes of Health [Molinolo et al., 2007] with IRB approval. Two different array blocks were used; one included tissues procured from North and South America and South Africa, and the other block included tissues from Southeast Asian countries. Both blocks included a total of 246 HNSCC cases with varying degrees of differentiation. The vast majority of the cases of known origin corresponded to squamous cell carcinomas that originated in the oral mucosa (153) and 93 to extraoral HNSCC (pharynx, larynx and other locations). Additionally, 45 cores of nonmalignant tissues including oral tissues (n = 13; floor of the mouth, tongue, gingiva and palate) and several other tissues (n = 32; breast, placenta, colon, salivary glands, liver, lymph node, lung and skin) were included as controls. Data on the initial diagnosis, site, staging, age, sex, recurrence and survival were collected. The distribution of cases based on their differentiation was similar across countries without any significant differences; approximately 40% of the cases were well-differentiated carcinomas, 37% were moderately differentiated and 23% were poorly differentiated. Three TMA slides of each array block were used for SPHK1 and 2 slides for p21 WAF1/CIP1 and p53 immunostaining.
Additionally, a cohort of 37 independent tissue samples of HNSCC was analyzed in this retrospective study. These samples were retrieved from the Pathology Service of the Bahía Blanca Regional Hospital with IRB approval and were staged according to the American Joint Committee on Cancer staging system [Greene et al., 2002] . They belonged to patients who had undergone surgical treatment between April 1998 and May 2004. Clinical follow-up was available up to May 2008 or until the patient's death, and additional key information, such as the occurrence of metastasis and/or local recurrence, was recorded and available. These samples were hyperplastic epithelium (n = 1), well-differentiated (WD; n = 3), moderately differentiated (MD; n = 18) and poorly differentiated (PD; n = 15) stage II and III oral squamous cell carcinomas. Samples from patients who had received either chemo-or radiotherapy before surgery were excluded. In total, there were 31 samples from males and 6 from females with a median age of 61 (range 27-81). Paraffin blocks were available, and hematoxylin and eosin-stained slides were performed and further re-evaluated by a pathologist (M.R.). The quality of each section was assessed, and then certain slides were selected for quantitative evaluation based on successful fixation, proper orientation, and the presence of representative lesions. A series of 5-m sections were cut from each sample and transferred onto polarized histological glass slides for further analysis.
Immunohistochemistry
Slides were deparaffinized in xylene and rehydrated in a series of ethanol dilutions (100, 95 and 70%) and water. They were incubated for 10 min in 3% hydrogen peroxide to quench endogenous peroxidase. After washing in PBS, sections were blocked for 30 min in 2% BSA in PBS (blocking solution). Sections were then incubated overnight at 4 ° C with either primary rabbit anti-hSPHK1 antibody (4 g/ml in blocking solution), rabbit anti-p53 (FL393, 1: 100; Santa Cruz Biotechnology) or mouse p21 WAF1/CIP1 (1: 100; Beckton Dickinson), followed by 60-min incubation with diluted biotinylated secondary antibody and then 30-min incubation with VECTASTAIN ABC Reagent (Vector Laboratories Inc.). The anti-hSPHK1 antibody was prepared by the Medical University of South Carolina Antibody Facility as described previously [Johnson et al., 2002] . Briefly, a synthetic oligopeptide corresponding to the last 20 amino acids of the C-terminal (CVEPPPSWK-PQQMPPPEEPL) of the hSPHK1 (GenBankTM accession No. AAF73423) was conjugated to keyhole limpet hemocyanin and injected into New Zealand white rabbits. Antiserum was affinity purified over a cyanogen bromide-activated agarose column bound with the same oligopeptide and eluted with 100 m M glycine (pH 2.5). For negative controls, the primary antibodies were replaced with isotype-specific IgG. Diaminobenzidine/H 2 O 2 was used as a substrate for the immunoperoxidase reaction, and slides were developed for 4 min for SPHK1 and 6 min for p53 and p21. They were lightly counterstained with hematoxylin, dehydrated through graded ethanol and xylene, and mounted with Permount (Fisher Scientific) for analysis by bright-field microscopy.
Evaluation of Staining Intensity and Statistical Analysis
All samples were evaluated and scored simultaneously by a pathologist (M.R.) and two graduate students (M.F. and A.G.). The specimens were assessed using the semi-quantitative immunoreactive score (IRS). The IRS was calculated by multiplying the staining intensity (graded as: 0 = no, 1 = weak, 2 = moderate and 3 = strong staining) and the percentage of positively stained cells (0 = less than 10 % of stained cells, 1 = 11-50% of stained cells, 2 = 51-80% of stained cells and 3 = more than 81 % of stained cells). The mean IRS for SPHK1 in 10 randomly chosen fields of the individual IHC (400 ! magnification) was determined. In the TMA, only representative tissue cores containing at least 200 tumor cells were scored. Sections with an IRS 1 0 were considered positive. The SPHK1 staining grade was divided into three groups: negative (IRS 0), low staining (IRS 1-3) and high staining (IRS 4-9) ( fig. 2 a) . For scoring p53 immunoreactivity, the criteria by Gorgoulis et al. [1995] were adopted. p53 was considered to be overexpressed when more than 10% positive nuclear staining was observed. For p21 WAF1/CIP1 , less than 50% nuclear staining was considered loss of expression [Bukholm et al., 1997] .
All scores were entered into a standardized electronic spreadsheet (Excel for Microsoft Windows). The statistical significance of SPHK1 expression levels between groups was determined by the two-tailed Mann-Whitney U test. The Spearman correlation test was used to study associations between the expression levels of p53 or p21 and SPHK1. Survival intervals were measured from the time of surgery to death from disease or until the last followup. Overall survival according to SPHK1 expression was constructed using Kaplan-Meier survival curves, and the log-rank test was used for comparison of survival curves in univariate analyses. For this, a subgroup of male patients with stage III oral squamous cell carcinoma (OSCC) was selected (n = 22). All received the same treatment after surgery. All analyses were performed using SPSS 14 (SPSS Inc., Chicago, Ill., USA). p values of less than 0.05 indicated a significant result.
Protein Extraction and Immunoblot Analysis
HaCaT cells were cultured in DMEM growth media to 70% confluence. Transient expression of pcDNA3-SPHK1 [Johnson et al., 2002] was accomplished using Lipofectamine 2000 (Invitrogen, Carlsbad, Calif., USA) according to the manufacturer's protocol. Immunoblotting was performed as described previously [Facchinetti et al., 2004] . Briefly, 50 g of protein was electrophoretically resolved by SDS-PAGE and transferred onto a polyvinylidene difluoride membrane Immobilon-P (Millipore, Bedford, Mass., USA). Blots were incubated with the same SPHK1 polyclonal antibody used for IHC (0.6 g/ml in PBS), and reactions were detected by horseradish peroxidase-conjugated secondary antibodies and enhanced chemiluminescence, following the manufacturer's directions (Pierce, Rockford, Ill., USA). Horseradish peroxidase-conjugated anti-rabbit antiserum (1: 5,000) was purchased from Amersham Biosciences (Arlington Heights, Ill., USA).
Laser Capture Microdissection
Slides containing frozen tissue sections belonging to 4 OSCC patients were fixed in 70% ethanol (30 s); after washing in ddH 2 O, these were stained very briefly in Mayer's hematoxylin (10-15 s), followed by dehydration through graded ethanol (70-100%) and Safeclear II (xylene substitute; Fisher Diagnostics, Middletown, Va., USA). For laser capture microdissection (LCM), stained uncovered slides that were thoroughly air dried were used. After locating the cells of interest, a CapSure LCM Cap (MDS Analytical Technologies, Mountain View, Calif., USA) was placed over the target area and pulsed with laser to adhere cells to the cap; after sufficient capture (500-1,000 cells), the cap was transferred to a 0.5-ml sterile microfuge tube containing RNA extraction buffer (Stratagene RNA Micro-Isolation Kit; Stratagene) for immediate processing, following the protocol provided by the manufacturer.
RNA Amplification
Total RNA extracted from 500-1,000 cells (10-50 ng) underwent two rounds of amplification using the MessageAmp II aRNA Amplification Kit (Applied Biosystems, Austin, Tex., USA), following the protocol provided. Briefly, each sample was reverse transcribed with T7-oligo(dT) as the anchoring primer. After synthesis of the second strand, the resulting cDNA underwent purification, which was subsequently used as template for in vitro transcription using T7 polymerase to produce the first-round aRNA. After purification, the resulting aRNA (300-500 ng) underwent an additional round of amplification to modify and prepare the product for downstream gene expression analysis. Essentially, this modification involved reverse transcription with T3N9 (1 g/ l) anchoring primers and the in vitro transcription reaction with T3 polymerase, and collectively, this resulted in an approximate 10,000-fold increase in the aRNA for most samples.
Quantitative Real-Time PCR
The expression of the selected protein was confirmed by qRT-PCR analysis. Briefly, 1 g of aRNA, isolated and amplified as described above, was used as starting material, to which 1 microliter (3 g/ l) of random primers and DEPC-treated water were added for a total volume of 25 l. The RNA mix was heated at 65 ° C for 5 min and then chilled on ice. The other components were added to each RNA mix as follows: 10 l of 5 ! first-strand buffer, 5 l of 0.1 M DTT, 1 l of 25 m M dNTPs, 1 l of ribonuclease inhibitor and 6 l of DEPC-treated water. The samples were incubated at 42 ° C for 2 min, followed by the addition of 1 l of Superscript II (40 U/ l; Invitrogen), and incubated at 42 ° C for 50 min. The reaction was inactivated at 70 ° C for 5 min, followed by the addition of 1 l (2 U/ l) of RNAse H and incubation at 37 ° C for 20 min. The resulting cDNA was used as a substrate for qRT-PCR reactions, which were performed in the Bio-Rad iCycler, using Gene Expression Analysis software and IQ SYBR Green Supermix (Bio-Rad Laboratories, Hercules, Calif., USA) with a specific gene primer set (see below) according to the manufacturer's instruction. To assess relative gene expression, the 2 -⌬ ⌬ Ct method of relative quantification [Livak et al., 2001 ] was applied. HPRT was used to normalize the quantitative data.
SPHK1: F-AAGACCTCCTGACCAACTGC, R-GGCTGAG-CACAGAGAAGAGG HPRT: F-TGGACAGGACTGAACGTCTTG, R-CCAGCAG-GTCAGCAAAGAATTTA
Results
Validation of Antibody and SPHK1 Expression in HNSCC
Immunospecificity of the antibody for human SPHK1 had been previously tested by immunoblot and IHC analysis and confirmed by immunoabsorption using the synthetic oligopeptide that the antibody was developed against [Johnson et al., 2002 [Johnson et al., , 2005 . To further validate the use of the antibody for detection of SPHK1 in HNSCC, we first performed Western blot of protein lysates of human epidermal keratinocytes (HaCaT; fig. 1 a) .
The antibody exclusively recognized one band representing a protein with the molecular weight of SPHK1 (42 kDa). Endogenous SPHK1 levels were low (lane 1); the overexpression of SPHK1 in these cells was used as a positive control (lane 2).
We also analyzed tissue staining patterns by immunohistochemical evaluation of serial sections from human tumors. In total, 37 individual paraffin blocks of HNSCCs were assessed for SPHK1 protein expression. Material analyzed included tongue (26), gingiva (4), floor of the mouth (4), larynx (2) and oropharynx (1). This analysis showed that the antibody displayed strong staining in tumor epithelial cells (see representative IHC in fig. 1 b) compared with no staining when the primary antibody was substituted with a nonimmune, isotypematched IgG ( fig. 1 c) . Adjacent noncancerous tissue showed low SPHK1 staining ( fig. 1 d) . We used rat kidney cortex as a positive control ( fig. 1 e, black arrow) because SPHK1 is highly expressed in the basal area of kidney proximal tubule cells [Facchinetti et al., 2008] . The immunostaining of SPHK1 disclosed strong punctated cytoplasmic staining in tumor cells ( fig. 1 f, black arrows) , whereas connective tissue was devoid of SPHK1 staining. Seventy-five percent (28) of tumor samples stained positively for SPHK1 with strong staining (IRS 1 3) observed in 36% of specimens (10) and low staining (IRS ! 3) in 64% of samples (18). SPHK1 staining was significantly increased in cancer cells compared with adjacent nonmalignant epithelia with a mean IRS of 3.8 (range 0-6) for tumors versus a mean IRS of 1.3 (range 0-2) for adjacent tissue (p = 0.001).
Taken together, this analysis showed that SPHK1 could be specifically detected by IHC in paraffin-embedded, archived HNSCC tissues and by Western blot in a keratinocyte cell line (HaCaT). This antibody was used for further studies of SPHK1 expression, and staining of serial sections with isotype-matched nonimmune antibodies was included as a negative control in all sections analyzed.
Screening of SPHK1 Expression in HNSCC TMAs
To screen widely for SPHK1 expression in human HNSCC samples, we performed SPHK1 immunostaining on TMAs consisting of HNSCC samples from 8 different countries (Head and Neck Cancer Tissue Array Initiative). The successfully analyzed combined material included OSCC (n = 153) and squamous cell carcinoma from the pharynx, larynx and other locations (extraoral squamous cell carcinoma; n = 93). The successfully analyzed nonmalignant oral tissues included tongue (n = 7), gingiva (n = 1) and floor of the mouth (n = 5). Also, several cores of nonmalignant tissues (other tissues) served as controls. SPHK1 was expressed at various levels by the tumors examined (representative selected array cores are shown in fig. 2 a) . The SPHK1 immunoreactivity scores for normal oral sections and for OSCC ranged from 0 to 5 (mean IRS: 1) and from 0 to 9 (mean IRS: 3.5), respectively, as shown in the dot plot graph in figure 2 b. The SPHK1 expression levels were significantly higher in OSCCs compared with normal oral tissue (p = 0.003).
The rate of SPHK1-positive samples (IRS 1 0) was 113 of 153 (74%) in OSCCs and 3 of 13 (23%) in nonmalignant oral tissues ( table 1 ) . Extraoral HNSCC cores showed similar SPHK1-positive staining rates (69%) as OSCCs. Also, normal tissues belonging to various organs ( table 1 : other tissues) exhibited a positive expression frequency (25%) similar to that of normal oral tissue. Additionally, a correlation between immunohistochemical staining in HNSCC cores and a number of clinical pathological parameters was examined ( table 2 ) . These included histological grade, tumor location, patient's country of origin and gender. There were no statistically significant correlations between SPHK1 expression and histological grade (p = 0.96), gender (p = 0.23), primary tumor sites (p = 0.32) or country of origin (p = 0.10). We also analyzed if there was a correlation between p53 staining, a well-known negative prognostic marker in HNSCC, and SPHK1 expression. There was no correlation between SPHK1 expression and p53 positivity (p = 0.07). Significant correlation coefficients were obtained, however, when analyzing the relationship between loss of p21 expression and SPHK1 positivity (p = 0.005).
SPHK1 mRNA in Laser Capture-Microdissected Samples
To confirm the presence of SPHK1 in malignant epithelia within the squamous cell carcinoma specimens, we combined the isolation and extraction of tissues from histologically resolved areas of the tumor by LCM with the quantification of SPHK1 mRNA by qRT-PCR. Cryostat sections of OSCC specimens were briefly stained with hematoxylin, as indicated in Methods, and subjected to LCM. For each case, tumor cell nests and adjacent nonmalignant epithelia were isolated. The material was subjected to isolation of RNA and amplification, followed by SPHK1 mRNA quantitation by qRT-PCR. Using this procedure, SPHK1 was readily detectable in all 4 microdissected tumor samples, thus confirming SPHK1 gene ex- S PHK1 protein expression, as assessed by IHC on the HNSCC tissue microarrays, was not significantly correlated with a number of clinical pathological features, such as gender, tumor location, histological grade and country of origin. NS = Not specified; WD = well differentiated; MD = moderately differentiated; PD = poorly differentiated.
The Expression of SPHK1 in Head and Neck Carcinoma Cells Tissues Organs 2010; 192:314-324 321 pression in tumor epithelia from OSCC patients. As shown in figure 3 , mean SPHK1 mRNA levels were increased in tumor epithelial cells when compared with adjacent normal tissue (p = 0.044).
SPHK1 Positivity Correlates with Patient Survival
SPHK1 affects the 'sphingolipid rheostat,' which likely balances between apoptosis-inducing ceramide and proliferation-stimulating S1P; thus, SPHK1 expression levels may be important to predict a patient's response to therapy. To analyze the prognostic significance of SPHK1 in HNSCC, we selected a cohort of 21 stage III SCC tumors from the oral cavity of male patients who received the same treatment after surgery and performed a KaplanMeier analysis of overall survival according to the expression of SPHK1. Interestingly, positive SPHK1 expression was associated with shorter survival time (log rank test; p = 0.001) as shown in figure 4 .
Discussion
The 5-year survival rate of patients with advanced HNSCC (50%) has improved only marginally over the past 3 decades [Jemal et al., 2004] and, in this regard, ongoing efforts aimed at elucidating how the deregulation of molecules contributes to HNSCC progression may help identify new prognostic markers for early diagnosis or response to treatment. On the other hand, many reports show that SPHK1 is involved in tumorigenesis, and the downregulation of its expression reduces tumor growth, increases apoptosis and enhances chemosensitivity in various types of tumors [Taha et al., 2006; Spiegel and Milstien, 2007] .
In this study, we investigated SPHK1 expression in human HNSCC and its relationship with clinical and histopathological features. To our knowledge, this is the first report showing immunolocalization of the SPHK1 protein in tumor sections belonging to HNSCC patients. We demonstrate that SPHK1 is overexpressed in malignant epithelia compared with nonmalignant tissue. We have also shown that SPHK1 expression is correlated with patient survival and with loss of p21 expression but is not associated with other factors, such as gender, p53 expression, histological grade, primary tumor site or patient's country of origin.
Both the immunohistochemical staining and the qRT-PCR of SPHK1 in HNSCC specimens showed that SPHK1 expression was stronger in malignant epithelia than in normal oral tissues, which is supported by previous reports showing SPHK1 overexpression in other tumor types [Johnson et al., 2005; French et al., 2006; Kawamori et al., 2006; Ruckhaberle et al., 2007] .
We first performed IHC on individual paraffin-embedded tissue sections of HNSCC to obtain detailed in- formation on the cell type-specific localization of SPHK1 and as a first screening of protein expression. As previously observed for other tissues [Taha et al., 2006] , SPHK1 was mainly found in the cytoplasm of epithelial cells with very low expression levels in stromal cells. To widely screen for SPHK1 expression, IHC was performed in a HNSCC TMA containing tumor samples from patients representing a variety of countries. Thus, it was clearly a representative screening of SPHK1 expression in HNSCC patients from around the world. In this regard, we did not find significant differences in SPHK1 expression among the patients' various countries of origin.
The relationship between p53, a key regulator of apoptosis, and sphingolipid metabolism is not yet clear. However, the worse prognosis of patients with high p53 expression (associated with mutant p53) might be linked to an upregulation of SPHK1 [Taha et al., 2004 ], so we studied whether there was a correlation between p53 and SPHK1 levels. We found no significant correlation between the protein levels, which suggests independent mechanisms leading to tumor progression for both proteins. Interestingly, in the case of p21, we observed a significant correlation of SPHK1 expression with p21 loss in HNSCCs.
This result agrees with previously reported data showing upregulation of p21 in colon cancer cells following SPHK1 silencing [Nemoto et al., 2009] . These results are also in line with those by our group showing an upregulation of p21 by phenoxodiol in HNSCC cell lines [Aguero et al., 2004] . Gamble et al. [2006] demonstrated that phenoxodiol inhibits SPHK1, although a direct effect of the drug on SPHK1 activity has never been shown. Phenoxodiol has also been demonstrated to modulate NADH oxidase [Davies et al., 2006; Herst et al., 2007; Morré et al., 2007] , Akt [Kamsteeg et al., 2003 ], topoisomerases or protein tyrosine kinases [Heck et al., 1986; Markovits et al., 1989; Schweigerer et al., 1992] .
The existing literature presents controversial results of clinical outcomes in HNSCC that depend on the extent of p21 expression [Miracca et al., 1999; Kapranos et al., 2001; Xie et al., 2002; Li et al., 2003] . Fillies et al. [2007] investigated p21 expression by means of TMAs and showed poor clinical outcomes for p21-negative squamous cell carcinoma of the oral cavity.
High variability in SPHK1 expression among the tumors was observed, which led us to study whether there was a correlation between SPHK1 expression levels and patient survival. Interestingly, survival analysis revealed a worse outcome in patients with positive SPHK1 expression ( fig. 4 ) . This finding agrees with similar studies performed in glioblastoma [Van Brocklyn et al., 2005] and breast cancer patients [Ruckhaberle et al., 2007] that showed a correlation between SPHK1 expression and patient survival time. Moreover, they did not observe higher expression of SPHK1 in glioblastomas (grade 4) compared with pilocytic astrocytomas (grade 1), although they found a clear correlation between SPHK1 expression and overall patient survival. Similar to our studies, they also observed high variability in SPHK1 expression among tumors. The correlation between SPHK1 expression and poor prognosis is related to the antiapoptotic and proliferative properties of its lipid product S1P as well as its role in cell migration and invasion [Miller et al., 2008] . Furthermore, several reports show that SPHK1 expression is important to predicting a patient's response to therapy in various cancer types [Shida et al., 2008] . Contradictory results have been observed when studying the effects of S1P in keratinocytes; some reports show cytoprotective effects on this cell type [Manggau et al., 2001] , whereas others show anti-proliferative and prodifferentiating activity [Vogler et al., 2003; Herzinger et al., 2007] . Our results support a cytoprotective effect of S1P on HNSCC epithelial cells, an effect which might lead to a more agressive phenotype. Another possible explanation for the worse prognosis of patients with HNSCC tumors expressing SPHK1 could be that the resulting elevated levels of S1P or reduced levels of ceramide lead to resistance to therapy [Higo et al., 2006] . Ceramide, a key lipid in the sphingolipid pathway, can accumulate following the exposure of cells to various DNA-damaging therapeutic agents [Radin et al., 2003 ]. However, high SPHK1 expression could lead to reduced ceramide levels, thus abrogating apoptosis. Furthermore, previous reports indicating that ceramide induces apoptosis in a human squamous carcinoma cell line [Sugiki et al., 2000] and in a keratinocyte cell line [Bektas et al., 2000] also support the association of SPHK1 expression with poor prognosis in HNSCC tumors. Additionally, it was recently demonstrated that ceramide metabolism is correlated with lymphovascular invasion and nodal metastasis in HNSCC [Karahataya et al., 2007] . Karahataya et al. [2007] showed that C 18 -ceramide was decreased in tumor tissue compared with normal tissue. It may be possible that, in HNSCC, increased SPHK1 levels result in reduced concentrations of some ceramide species within the tumor microenvironment, thus favoring tumor progression.
Our results suggest that SPHK1 expression could be of potential interest as a prognostic marker in HNSCC, and future studies should address the issue of whether inhibiting this protein induces a better response to therapy. Further studies should be performed to gain a better understanding of the role of SPHK1 in HNSCC.
